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Abstract
We consider N=4 SU(2)⊗U(1) gauged supergravity on asymptotically-AdS5 back-
grounds. By a near-boundary analysis we determine the boundary-dominant components
of the bulk fields from their partially gauge-fixed field equations. Subdominant compo-
nents are projected out in the boundary limit and we find a reduced set of boundary
fields, constituting the N=2 Weyl multiplet. The residual bulk symmetries are found to
act on the boundary fields as four-dimensional diffeomorphisms, N=2 supersymmetry and
(super-)Weyl transformations. This shows that the on-shell N=4 supergravity multiplet
yields the N=2 Weyl multiplet on the boundary with the appropriate local N=2 super-
conformal transformations. Building on these results we use the AdS/CFT conjecture to
calculate the Weyl anomaly of the dual four-dimensional superconformal field theories in
a generic bosonic N=2 conformal supergravity background.
1 Introduction
Supergravities on Anti-de Sitter (AdS) spaces play a prominent role in the AdS/CFT corre-
spondence [1], which – in the weakest form of the conjecture – relates classical ten-dimensional
supergravity on the near-horizon limit of p-brane backgrounds to strongly-coupled supercon-
formal quantum field theories (SCFT) on p+1-dimensional flat space. The near-horizon ge-
ometry of the p-brane solutions is typically given by a product of AdS space and a compact
manifold, on which one may perform a Kaluza-Klein expansion. Gauged supergravities on
AdS spaces are then employed to describe the Kaluza-Klein expanded ten-dimensional the-
ory truncated to a finite number of Kaluza-Klein modes, and consequently also for a dual
description of the corresponding SCFT sector [2]. The explicit AdS/CFT duality relation is
∗e-mail: ohl@physik.uni-wuerzburg.de
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given by interpreting the boundary values of the supergravity fields as sources for the dual
operators of the SCFT [3], and it has been applied to describe a variety of phenomena in
strongly-coupled Quantum Field Theories (QFT) [4].
In this work we consider five-dimensional half-maximally supersymmetric gauged supergrav-
ity. The general gauged matter-coupled N=4 supergravities in five dimensions were con-
structed in [5, 6], and it was noted in [5] that AdS ground states are only possible if the gauge
group is a product of a one-dimensional Abelian factor and a semi-simple group. We focus
on the N=4 SU(2)⊗U(1) gauged supergravity constructed by Romans [7], the only gauging
of the pure supergravity without additional matter multiplets which admits an AdS vacuum.
Solutions of this theory can be lifted to solutions of the IIB supergravity [8] where they
correspond to product geometries involving S5, and also to warped-product solutions of IIA
supergravity and the maximal d=11 supergravity [9, 10]. We restrict the configuration space
to asymptotically-AdS5 geometries with an arbitrary four-dimensional boundary metric. By
an analysis of the asymptotic field equations we determine the multiplet of boundary fields,
and from the local bulk symmetries we obtain the boundary symmetries with the induced
representation on the boundary fields. This limiting procedure does not involve the AdS/CFT
conjecture and does not rely on the choice of boundary conditions. We find the N=2 Weyl
multiplet with local N=2 superconformal transformations. Similar calculations have previ-
ously been carried out for bulk theories in d=3, 6, 7 dimensions and for N=2 supergravity in
d=5 [11]. Having established the asymptotic behaviour of the bulk fields and their symmetry
transformations we then present a first application using the AdS/CFT conjecture. For the
bosonic sector of the bulk supergravity we carry out the holographic renormalization [12, 13]
and calculate the Weyl anomaly of the dual four-dimensional SCFTs in a generic bosonic
N=2 conformal supergravity background. This extends the existing results for nontrivial
metric and dilaton backgrounds [12, 14, 15]1.
Our results on the asymptotic structure of the N=4 gauged supergravity may also be relevant
in the following context. A duality relation of QFTs on AdS space and on its conformal
boundary has been formulated and proven in [17] in the framework of algebraic QFT. In
contrast to the AdS/CFT correspondence, gravity does not seem to play a dedicated role in
the algebraic holography. In particular, the constructions in [18] suggest that a gravitational
theory is induced on the conformal boundary by a gravitational bulk theory. A similar
result was obtained in [19] by deforming the AdS/CFT correspondence. It was shown there
that changing the Dirichlet boundary conditions to Neumann or mixed boundary conditions
promotes the boundary metric to a dynamical field. In this context our construction yields the
kinematics of the boundary theory, for which we thus expect an N=2 conformal supergravity.
The paper is organized as follows. In Section 2 we review the N=4 SU(2)⊗U(1) gauged
supergravity [7] to fix notation. In Section 3 the notion of an asymptotically-AdS5 space is
introduced and the multiplet of fields induced on the conformal boundary is constructed. We
employ Fefferman-Graham coordinates and partial gauge fixing of the local super-, Lorentz
and SU(2)⊗U(1) symmetries. The asymptotic scalings of the boundary-irreducible compo-
nents of the bulk fields are determined in Section 3.1 from the linearized field equations.
Subdominant components are projected out in the boundary limit and we find a reduced
1For the maximally supersymmetric case a discussion of the SCFT effective action, the conformal anomaly
and the role of conformal supergravity in AdS/CFT can be found in [16]. Explicit constructions for the
boundary of AdS are given there for the metric-dilaton sector.
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set of boundary fields, constituting the N=2 Weyl multiplet. These results are extended to
the nonlinear theory in Section 3.2, where we argue for the consistency of the previous con-
struction with the interaction terms. We also determine those of the subdominant bulk field
components which then enter the boundary symmetry transformations. The residual bulk
symmetries preserving the gauge fixings, and their action on the boundary fields are deter-
mined in Section 3.3. This yields the complete local N=2 superconformal transformations of
the Weyl multiplet. In Section 4 we use the AdS/CFT correspondence to calculate the Weyl
anomaly of the dual SCFTs in an external bosonic N=2 conformal supergravity background.
To this end we determine the required subleading modes of the bulk fields in Section 4.1 and
carry out the holographic renormalization in Section 4.2. We conclude in Section 5. Two
appendices contain an overview of our conventions and connect the results of Section 3.3 to
the literature on N=2 supergravity multiplets.
2 Romans’ N=4 SU(2)⊗U(1) gauged supergravity
In this section we briefly discuss the five-dimensional gauged supergravity [7] in order to fix
notation. The theory has N=4 supersymmetry (counted in terms of symplectic Majorana
spinors) with R-symmetry group USp(4), of which an SU(2)⊗U(1) subgroup is gauged. The
symplectic metric is denoted by Ω, and exploiting the isomorphism usp(4) ∼= so(5) the Lie
algebra generators are given by Γmn :=
1
2 [Γm,Γn] with so(5) vector indices m,n, and Γm
satisfying the five-dimensional Euclidean Clifford algebra relation2 {Γm,Γn} = 2δmn1. With
the obvious embedding of su(2)⊕u(1) ∼= so(3)⊕so(2) into usp(4) ∼= so(5), the vector index m
decomposes into m = (I, α) with I = 1, 2, 3 and α = 4, 5. We consider the theory referred to
as N=4+ in [7], for which the SU(2) gauge coupling g2 is fixed in terms of the U(1) coupling
g1 by g2 = +
√
2g1 =: g. For this choice of couplings the theory admits an AdS solution.
The bosonic field content is given by the vielbein eaµ, two antisymmetric tensor fields B
α
µν ,
the SU(2) and U(1) gauge fields AIµ and aµ, respectively, and a scalar ϕ. The four gravitinos
ψiµ and four spin-
1
2 fermions χ
i comprising the fermionic field content are in the spinor 4
of usp(4), which decomposes as 4 → 21/2 + 2−1/2. The vector and tensor fields originate
from the vector representation, decomposing as 5 → 30 + 11 + 1−1. The spinors satisfy the
symplectic Majorana condition, e.g. χ¯i =
(
χi
)T
C with the conjugate χ¯i := (χi)
† γ0, the metric
is of signature (+,−,−,−,−) and the γ-matrices are chosen such that γabcde = ǫabcde with
ǫ01234 = 1. For a summary of the conventions see Appendix A. From this point on we denote
five-dimensional objects with hat and four-dimensional ones without, e.g. five-dimensional
spacetime indices µˆ = (µ, r) with µ = 0, 1, 2, 3. The Lagrangian as given up to four-fermion
terms in [7] is
L =− 1
4
eˆRˆ(ωˆ)− 1
2
ieˆ ˆ¯ψiµˆγˆ
µˆνˆρˆDˆνˆ ψˆρˆi +
3
2
ieˆTij
ˆ¯ψiµˆγˆ
µˆνˆψˆjνˆ − ieˆAij ˆ¯ψiµˆγˆµˆχˆj +
1
2
ieˆ ˆ¯χiγˆµˆDˆµˆχˆi
+ ieˆ
(1
2
Tij − 1√
3
Aij
)
ˆ¯χiχˆj +
1
2
eˆDˆµˆϕˆDˆµˆϕˆ+ eˆP (ϕˆ)− 1
4
eˆ ξ2BˆµˆνˆαBˆ αµˆνˆ
+
1
4g1
ǫˆµˆνˆρˆσˆτˆ ǫαβBˆ
α
µˆνˆDˆρˆBˆ
β
σˆτˆ −
1
4
eˆ ξ−4fˆ µˆνˆ fˆµˆνˆ − 1
4
eˆ ξ2Fˆ µˆνˆI Fˆ Iµˆνˆ −
1
4
ǫˆµˆνˆρˆσˆτˆ Fˆ IµˆνˆFˆ
I
ρˆσˆaˆτˆ (1)
2The Γm can all be chosen hermitian, such that Γ
†
mn + Γmn = 0. With the charge conjugation matrix CE
satisfying CEΓmC
−1
E = Γ
T
m, we can identify Ω := CE and have ΩΓmn +Γ
T
mnΩ = 0, providing the isomorphism
usp(4) ∼= so(5).
3
+
1
4
√
2
ieˆ
(
H ijµˆνˆ +
1√
2
hijµˆνˆ
)
ˆ¯ψρˆi γˆ[ρˆγˆ
µˆνˆ γˆσˆ]ψˆ
σˆ
j +
1
2
√
6
ieˆ
(
H ijµˆνˆ −
√
2hijµˆνˆ
)
ˆ¯ψρˆi γˆ
µˆνˆ γˆρˆχˆj
− 1
12
√
2
ieˆ
(
H ijµˆνˆ −
5√
2
hijµˆνˆ
)
ˆ¯χiγˆ
µˆνˆχˆj +
1√
2
ieˆ (∂νˆ ϕˆ)
ˆ¯ψiµˆγˆ
νˆ γˆµˆχˆi
with ξ := exp
√
2
3 ϕˆ and the scalar potential P (ϕˆ) :=
1
8g
2
(
ξ−2 + 2ξ
)
. Antisymmetrization of
indices is defined as X[µYν] :=
1
2(XµYν −XνYµ). Furthermore,
T ij :=
g
12
√
2
(
2ξ−1 + ξ2
)
(Γ45)
ij , Aij :=
g
2
√
6
(
ξ−1 − ξ2) (Γ45)ij ,
H ijµˆνˆ := ξ
(
Fˆ Iµˆνˆ (ΓI)
ij + Bˆαµˆνˆ (Γα)
ij
)
, hijµˆνˆ := ξ
−2Ωij fˆµˆνˆ .
(2)
The covariant derivative on the spinor 4 of usp(4) is given by
Dˆµˆvi = ∇ˆµˆvi + 1
2
g1aˆµˆ (Γ45)
j
i vj +
1
2
g2Aˆ
I
µˆ (ΓI45)
j
i vj , (3)
with the spacetime-covariant derivative ∇ˆµˆ and ΓIJ = −ǫIJKΓK45. Acting on a spinor
∇ˆµˆ = ∂µˆ + 14 ωˆ aˆbˆµˆ γˆaˆbˆ, and the curvatures are defined by[
Dˆµˆ, Dˆνˆ
]
ǫˆi =:
1
4
Rˆaˆbˆµˆνˆ(ωˆ) γˆaˆbˆ ǫˆi +
1
2
g1fˆµˆνˆ (Γ45)
j
i ǫˆj +
1
2
g2Fˆ
I
µˆνˆ (ΓI45)
j
i ǫˆj . (4)
On the vector 5 of usp(4) the covariant derivative is given by
Dˆµˆv
Iα = ∇ˆµˆvIα + g1aˆµˆǫαβvIβ + g2ǫIJKAˆJµˆvKα . (5)
The supersymmetry transformations to leading order in the fermionic terms are
δǫˆeˆ
aˆ
µˆ = i
ˆ¯ψiµˆγˆ
aˆεˆi , δǫˆAˆ
I
µˆ = Θ
ij
µˆ
(
ΓI
)
ij
, δǫˆϕˆ =
1√
2
i ˆ¯χiεˆi ,
δǫˆψˆµˆi = Dˆµˆεˆi + γˆµˆTij εˆ
j − 1
6
√
2
(
γˆ νˆρˆµˆ − 4δ νˆµˆ γˆρˆ
)(
Hνˆρˆij +
1√
2
hνˆ ρˆij
)
εˆj ,
δǫˆaˆµˆ =
1
2
iξ2
(
ˆ¯ψiµˆεˆi +
2√
3
ˆ¯χiγˆµˆεˆi
)
,
δǫˆχˆi =
1√
2
γˆµˆ (∂µˆϕˆ) εˆi +Aij εˆ
j − 1
2
√
6
γˆµˆνˆ
(
Hµˆνˆij −
√
2hµˆνˆij
)
εˆj ,
δǫˆBˆ
α
µˆνˆ = 2Dˆ[µˆΘ
ij
νˆ] (Γ
α)ij −
ig1√
2
ǫαβ (Γβ)ij ξ
(
ˆ¯ψi[µˆγˆνˆ]ǫˆ
j +
1
2
√
3
ˆ¯χiγˆµˆνˆ ǫˆ
j
)
,
(6)
where Θijµˆ =
√
1
2 iξ
−1
(
− ˆ¯ψiµˆǫˆj +
√
1
3
ˆ¯χiγˆµˆǫˆ
j
)
. The commutator of two supersymmetries is – to
leading order in the fermionic fields – given by
[δǫˆ2 , δǫˆ1 ] = δXˆ + δΣˆ + δσˆ + δτˆI , (7)
where δXˆ denotes a diffeomorphism with Xˆ
µˆ = −iˆ¯ǫi1γˆµˆǫˆ2i , δΣˆ is a local Lorentz transformation
with
Σˆaˆbˆ = Xˆ µˆωˆ aˆbˆµˆ + 2iˆ¯ǫ
i
1
(
−γˆaˆbˆTij + 1
6
√
2
(
γˆaˆbˆ
cˆdˆ
+ 4δaˆcˆ δ
bˆ
dˆ
)(
H cˆdˆij +
1√
2
hcˆdˆij
))
ǫˆj2 , (8)
and δσˆ and δτˆI denote U(1) and SU(2) gauge transformations, respectively, with
σˆ = Xˆ µˆaˆµˆ +
1
2
iξ2ˆ¯ǫi1ǫˆ2i , τˆ
I = Xˆ µˆAˆIµˆ −
1√
2
iξ−1
(
ΓI
)
ij
ˆ¯ǫi1ǫˆ
j
2 . (9)
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3 Local N=2 superconformal symmetry on the boundary of
asymptotically-AdS configurations
We now restrict the configuration space of the theory discussed in the previous section to
geometries which are asymptotically AdS5, and discuss the fields and symmetries induced
on the conformal boundary. We give a brief discussion of asymptotically-AdS spaces in the
following, and refer to [20] for more details. The metric signature and curvature conventions
are those of Section 2 and [7], i.e. AdS has positive curvature.
A metric gˆ on the interior of a compact manifold X with boundary ∂X is called conformally
compact if, for a defining function r of the boundary (meaning that r|∂X = 0, dr|∂X 6= 0
and r|intX > 0), the rescaled metric g¯ := r2gˆ extends to all of X as a metric. For such
a conformally compact metric gˆ the conformal structure [g¯|T∂X ] induced on ∂X and the
boundary restriction of the function |dr|2g¯ := g¯−1(dr, dr) are independent of the choice of
defining function. The curvature of the metric gˆ is given by
Rˆµˆνˆρˆσˆ = −|dr|2g¯
(
gˆµˆρˆgˆνˆσˆ − gˆµˆσˆ gˆνˆρˆ
)
+O(r−3) , (10)
where we denote tangent-space indices on TX with hat, e.g. µˆ, νˆ, and tangent-space indices on
T∂X are denoted without hat. Asymptotically, gˆ thus has constant sectional curvature given
by −|dr|2g¯, and we call a conformally compact metric gˆ an asymptotically-AdS metric if the
value of the sectional curvature is positive and constant on the boundary, i.e. |dr|2g¯ = −1/R2
on ∂X for some constant R. Note that we do not demand gˆ to be Einstein.
A representative metric g(0) of the boundary conformal structure uniquely determines a defin-
ing function r such that g(0) = r
2
R2
gˆ |T∂X and |dr|2g¯ = −1/R2 in a neighbourhood of ∂X.
Choosing this defining function as radial coordinate, the metric gˆ takes the Fefferman-Graham
form
gˆ =
R2
r2
(gµνdx
µ ⊗ dxν − dr ⊗ dr) , gµν(x, r) = g(0)µν(x) +
r2
R2
g(2)µν(x) + . . . (11)
with g of signature (+,−,−,−) and the limit r → 0 corresponding to the conformal boundary.
The expansion of g in powers of r is justified when gˆ satisfies vacuum Einstein equations,
which, however, we do not assume here. For the time being we will still use that expansion
and refer the discussion of its validity to Section 3.2.
According with the Fefferman-Graham form of the metric, we partially gauge-fix the local
Lorentz symmetry such that the vielbein is of the form
eˆaµ(x, r) =
R
r
eaµ(x, r), eˆ
r
µ = eˆ
a
r = 0, eˆ
r
r =
R
r
, (12)
with eaµ(x, r) = e
(0)a
µ (x) + re
(1)a
µ (x) + . . . . We denote Lorentz indices by aˆ = (a, r) with an
underline below r to avoid confusion. For the gravitinos and the SU(2)⊗U(1) gauge fields we
employ axial gauges ψˆri ≡ AˆIr ≡ aˆr ≡ 0.
In this setting we construct the fields induced on the conformal boundary in Section 3.1.
For the discussion of the induced symmetry transformations we will be interested in the
residual bulk symmetries preserving the gauge-fixing conditions. These are to be determined
as solutions to (
δXˆ + δΣˆ + δǫˆi + δU(1) + δSU(2)
) {eˆrr, eˆar , eˆrµ, aˆr, AˆIr , ψˆri} = 0 , (13)
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where δXˆ , δΣˆ, δǫˆ denote diffeomorphisms, local Lorentz and supersymmetry transformations,
respectively. The solutions and their action on the boundary fields will be discussed in
Section 3.3.
The spin connection is treated in 1.5th-order formalism and fixed by its equation of motion as
derived from (1). We split ωˆµˆaˆbˆ = ωˆµˆaˆbˆ(eˆ) + ωˆµˆaˆbˆ(eˆ, ψˆ, χˆ) where the torsion-free part ωˆµˆaˆbˆ (eˆ)
calculated from (12) has the non-vanishing components
ωˆ abµ (eˆ) = ω
ab
µ (e) , ωˆ
ar
µ (eˆ) =
1
r
eaµ −
1
2
eρa∂rgµρ ωˆ
ab
r (eˆ) = e
µ[a∂re
b]
µ , (14)
and for the remaining part involving fermions we find
ωˆµˆaˆbˆ(eˆ, ψˆ, χˆ) = −
1
2
i
(
ˆ¯ψiaˆγˆµˆψˆbˆi + 2
ˆ¯ψiµˆγˆ[aˆψˆbˆ]i
)
− 1
4
i ˆ¯ψi
λˆ
γˆ λˆτˆ
µˆaˆbˆ
ψˆτˆ i − 1
4
i ˆ¯χiγˆµˆaˆbˆχˆi . (15)
Thus, the Lorentz-covariant derivative on spinor fields reads
∇ˆµ = ∇(e)µ +
1
2r
γµγr − Zµ + 1
4
ωˆ aˆbˆµ (eˆ, ψˆ, χˆ)γˆaˆbˆ =: ∇µ +
1
2r
γµγr ,
∇ˆr = ∂r − Zr + 1
4
ωˆ aˆbˆr (eˆ, ψˆ, χˆ)γˆaˆbˆ ,
(16)
where γˆµˆ = eˆ
aˆ
µˆγaˆ , γµ = e
a
µγa. For notational convenience we defined ∇(e)µ := ∂µ+ 14ω abµ (e)γab
and Zµ :=
1
4 (∂rgµρ) γ
ργr , Zr :=
1
4(∂re
a
µ)γ
µ
a .
3.1 Boundary fields
In this section we construct the fields induced on the conformal boundary. Similar to the
construction of the induced conformal structure on the boundary, we define the classical
boundary field as follows. For a bulk field φˆ with asymptotic r-dependence φˆ(x, r) = O(f(r)),
we define the rescaled field φ(x, r) := f(r)−1φˆ(x, r). This rescaled field then admits a finite,
nonvanishing boundary limit, which is interpreted as the boundary field3.
Therefore, to determine the multiplet of boundary fields, we have to fix the asymptotic scaling
of the various fields. To this end we consider their equations of motion linearized in all fields
but the metric/vielbein and decomposed into boundary-irreducible components, e.g. into four-
dimensional chiral components for a bulk spinor field. The leading order in the boundary limit
turns out to be an ordinary differential equation in r, and is solved by fixing the scalings of
the different boundary-irreducible bulk field components. The rescaled field is defined by ex-
tracting the asymptotic r-dependence of the dominant field component, thereby subdominant
components are projected out in the definition of the boundary field. The results obtained in
this way on the basis of the linearized field equations are extended to the nonlinear theory in
Section 3.2.
We start with the vielbein, for which the asymptotic r-dependence is already fixed by (11),
(12) and the induced boundary field is given by eaµ(x, 0). As discussed in [7], Einstein’s
equations as derived from (1) in a pure metric-dilaton background read
Rˆµˆνˆ − 1
2
gˆµˆνˆRˆ+ 2gˆµˆνˆP (ϕˆ) = 0 , (17)
3This is the classical analog to the construction for the Wightman field in [18].
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and the scalar potential P (ϕˆ), having exactly one extremum
(
ϕˆ, P (ϕˆ)
) ≡ (0, 38g2), provides
a cosmological constant such that AdS5 is a vacuum solution. Here we do not restrict the
theory to the metric-dilaton sector and only demand (17) to be solved at leading order in
the boundary limit. From (10) we find that gˆ indeed solves the leading order provided that
the asymptotic curvature radius R is fixed in terms of the gauge coupling as R2 = 8/g2. In
Section 3.2 we show that – with the scalings obtained in this section – all other terms in the
complete Einstein equations contribute to the subleading orders only. In the following we fix
g = 2
√
2 such that R = 1.
For the gravitinos, which we consider next, the nonlinear equation of motion reads
γˆµˆνˆρˆDˆνˆψˆρˆi − 3Tij γˆµˆνˆψˆjνˆ =−
1
2
√
2
(
H ρˆσˆ ji +
1√
2
hρˆσˆ ji
)
γˆ[µˆγˆρˆσˆγˆ
νˆ]ψˆνˆj −Aij γˆµˆχj
− 1
2
√
6
(
H jρˆσˆi −
√
2h jρˆσˆi
)
γˆρˆσˆγˆµˆχj +
1√
2
(∂νˆ ϕˆ) γˆ
νˆ γˆµˆχi .
(18)
To fix Tij (see (2)) we note that, since it squares to −1 and is traceless, Γ45 has eigenvalues ±i,
each with multiplicity 2. We choose a usp(4) basis where Γ45 is diagonal (Γ45)
j
i = iκiδ
j
i and
split i = (i+, i−) such that κi± = ±1. Since Γ45 is diagonal {Ω,Γ45} = 0, and consequently
Ωi+j+ = Ωi−j− = 0. Defining four-dimensional chirality projectors PL/R :=
1
2 (1± iγr), the
L/R projections of the linearized equation (18) for µˆ = µ read
γµνρ∇(e)ν ψˆR/Lρi − (γµνρZν ± iγµρZr) ψˆL/Rρi + iγµρ
(
±∂r ∓ 1
r
+
3κi
2r
)
ψˆ
L/R
ρi = 0 . (19)
Since the ψˆ
L/R
µi−
are related to the conjugates of ψˆ
R/L
µi+
by the symplectic Majorana condition,
it is sufficient to consider the i+-components. Solving (19) at leading order in r yields the
two independent solutions ψˆµi+ = r
−1/2ψLµi+ + o(r
−1/2) and ψˆµi+ = r5/2ψRµi+ + o(r
5/2) with
limr→0 ψ
L/R
µi+
finite. Thus, the gravitinos lose half of their components in the boundary limit
and the rescaled field ψµi+ := r
1/2ψˆµi+ yields the two chiral gravitinos ψ
L
µi+
|r=0 as boundary
fields.
Proceeding with the fermionic fields we now discuss the spin-12 fermions χˆi. Their equation
of motion is given by
γˆµˆDˆµˆχˆi + Tijχˆ
j =
2√
3
Aijχˆ
j +Aij γˆ
µˆψˆjµˆ +
1
2
√
6
(
H jµˆνˆi −
√
2h jµˆνˆi
)
γˆρˆγˆµˆνˆψˆρˆj
− 1
6
√
2
(
H jµˆνˆi −
5√
2
h jµˆνˆi
)
γˆµˆνˆχˆj +
1√
2
(∂νˆ ϕˆ) γˆ
µˆγˆνˆ ψˆµˆi .
(20)
Solving the linearized L/R projections given by
γµ∇(e)µ χˆR/Li − (γµZµ ∓ iZr) χˆL/Ri − i
(
±∂r + κi ∓ 4
2r
)
χˆ
L/R
i = 0 (21)
at leading order for i = i+ we find as dominant solution χˆi+ = r
3/2χLi+ + o(r
3/2). Similarly to
the gravitinos, the χˆi+ become chiral in the boundary limit and we have the two lefthanded
Weyl fermions χLi+ |r=0 as boundary fields.
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Coming to the tensor fields Bˆαµˆνˆ we define Cˆµˆνˆ :=
1√
2
(Bˆ4µˆνˆ − iBˆ5µˆνˆ) and, with the four-
dimensional Hodge dual ⋆ Cˆµν :=
1
2e
−1ǫ ρσµν Cˆρσ, the (anti-)selfdual parts of Cˆµν are defined
as Cˆ±µν :=
1
2(Cˆµν ± i ⋆ Cˆµν). The equation of motion reads
i
g1
ǫˆµˆνˆρˆσˆτˆ DˆρˆCˆσˆτˆ − eˆξ2Cˆ µˆνˆ = −1
2
eˆξ
(1
2
J1
µˆνˆ
ij +
1√
3
J2
µˆνˆ
ij −
1
6
J3
µˆνˆ
ij
)
(Γ4 − iΓ5)ij , (22)
with J1
µˆνˆ
ij = i
ˆ¯ψρˆi γˆ[ρˆγˆ
µˆνˆ γˆσˆ]ψˆ
σˆ
j , J2
µˆνˆ
ij = i
ˆ¯ψρˆi γˆ
µˆνˆ γˆρˆχˆj and J3
µˆνˆ
ij = i ˆ¯χiγˆ
µˆνˆχˆj. From the µr-compo-
nents of the linearized equation Cˆµr is fixed in terms of Cˆµν by Cˆµr =
1
2 ire
−1ǫ ρστµ ∂ρCˆσˆτˆ , and
is of higher order in r. The (anti-)selfdual parts of the linearized µν-components
1
2
e−1ǫ ρσµν
(
∂rCˆµν + 2∂ρCˆσr
)
= − i
r
Cˆµν , (23)
then yield the solutions Cˆµν = r
−1C−µν + o(r−1) and Cˆµν = r C+µν + o(r). Thus, the anti-
selfdual part Cˆ− is dominant in the boundary limit and the selfdual part Cˆ+ is projected out
in the definition of the boundary field.
For the U(1) and SU(2) gauge fields the equations of motion are
∂νˆ
(
eˆξ−4fˆ µˆνˆ
)
=
1
4
eˆg1 (Γ45)
j
i J4
µˆi
j −
1
4
ǫˆµˆνˆρˆσˆτˆ
(
BˆανˆρˆBˆ
α
σˆτˆ + Fˆ
I
νˆρˆFˆ
I
σˆτˆ
)
+Ωij∂νˆ
(
eˆξ−2
(
1
4
J1
µˆνˆ
ij −
1√
3
J2
µˆνˆ
ij +
5
12
J3
µˆνˆ
ij
))
,
(24)
Dˆνˆ
(
eˆξ2Fˆ Iµˆνˆ
)
=
1
4
eˆg2 (ΓI45)
j
i J4
µˆi
j − ǫˆµˆνˆρˆσˆτˆ Dˆνˆ
(
Fˆ Iρˆσˆaˆτˆ
)
+
1√
2
Dˆνˆ
(
eˆξK µˆνˆI
)
, (25)
with J4
µˆi
j = i ˆ¯χ
iγˆµˆχˆj − i ˆ¯ψiνˆ γˆνˆµˆρˆψˆρˆj and K µˆνˆI = (ΓI)ij
(
1
2J1
µˆνˆ
ij +
1√
3
J2
µˆνˆ
ij − 16J3µˆνˆij
)
. For the
ansatz aˆµ = r
αaµ the leading order of the linearized equation yields α ∈ {0, 2}, and similarly
for AˆIµ. Thus, aˆµ and Aˆµ are itself finite in the boundary limit and define boundary vector
fields without rescaling.
It remains to analyze the scalar field ϕˆ with equation of motion
ˆgˆϕˆ− P ′(ϕˆ) =− i√
2
Aij
ˆ¯ψiµˆγˆ
µˆνˆψˆjνˆ − iA′ij ˆ¯ψiµˆγˆµˆχˆj −
i√
3
(
A′ij +
1√
6
Aij
)
ˆ¯χiχˆj
−
√
2
3
ξ2CˆµˆνˆCˆ
µˆνˆ +
√
2
3
ξ−4fˆµˆνˆ fˆ µˆνˆ − 1√
6
ξ2Fˆ IµˆνˆFˆ
Iµˆνˆ
+
1
4
√
3
(
H ijµˆνˆ −
√
2hijµˆνˆ
)
J1
µˆνˆ
ij +
1
6
(
H ijµˆνˆ + 2
√
2hijµˆνˆ
)
J2
µˆνˆ
ij
− 1
12
√
3
(
H ijµˆνˆ + 5
√
2hijµˆνˆ
)
J3
µˆνˆ
ij −
1√
2
eˆ−1∂νˆ
(
ieˆ ˆ¯ψiµˆγˆ
νˆ γˆµˆχˆi
)
,
(26)
where A′ij := −16g
(
ξ−1 + 2ξ2
)
(Γ45)
ij . The linearized equation is given by
r2gϕˆ− 1
2
r2 (gµν∂rgµν) ∂rϕˆ−D2r ϕˆ = 0 , (27)
with Dr = r∂r − 2, and the leading-order part is solved by r2ϕ1(x, r) and r2 log(r)ϕ2(x, r)
with ϕ1/2|r=0 finite. The boundary scalar field is thus defined by extracting the dominant
scaling ϕˆ =: r2 log(r)ϕ and restricting ϕ to the boundary. In summary, the multiplet of
boundary fields is given by (eaµ, ψ
L
µ i+
, C−µν , AIµ, aµ, χLi+ , ϕ)|r=0.
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3.2 Nonlinear theory and subdominant components
The splitting into dominant and subdominant components and the scaling of the dominant
parts as obtained above from the linearized equations of motion fixes the definition of the
boundary fields. It remains to be checked whether the obtained scaling behaviour is consistent
in the nonlinear theory. Furthermore, the subdominant components of some of the fields are
required for the symmetry transformations to be discussed in Section 3.3. These two points
are addressed in the following. Note that this discussion does not include the four-fermion
terms which are not spelled out in [7]. However, as we find quite some cancellations taking
place to ensure consistency of the previously obtained results at the leading orders in the
fermions, we expect that this consistency is not accidental and extends to the four-fermion
terms as well.
Since the analysis of Section 3.1 crucially relies on the form of the metric (11) in a neighbour-
hood of the boundary, the first thing to be checked is the validity of the Fefferman-Graham
form. Considering the terms in the Lagrangian (1) with the scaling of the fields as obtained in
the previous section, eˆRˆ(ωˆ) and the cosmological constant eˆP (0) are O(r−5) while the other
terms are O(r−3). Thus, the leading order of Einstein’s equations reduces to the form dis-
cussed in the previous section and the Fefferman-Graham form of the metric (11) is justified.
In particular, since there are no O(r−4) terms in the Lagrangian, there is no O(r) contribu-
tion to gµν(x, r) and the expansion in (11) is justified. Next, we consider the spin connection
(14), (15). With the scaling as obtained before, ωˆµab(eˆ, ψˆ, χˆ) = O(r0) and the other com-
ponents of ωˆµˆaˆbˆ(eˆ, ψˆ, χˆ) are of O(r). Therefore, the fermionic terms do not alter the O(r−1)
part of the covariant derivative (16), which was relevant for the previous section. For the
four-dimensional Lorentz-covariant derivative ∇µ defined in (16) we find ∇µ = ∂µ+ 14ω abµ γab
with
ωµab
∣∣
r=0
= ωµab(e)− 1
2
(
iψ¯Li+a γµψ
L
bi+ + 2iψ¯
Li+
µ γ[aψ
L
b]i+
+ c.c.
)
. (28)
From (3) the four-dimensional gauge and Lorentz covariant derivative acting on a boundary
spinor is
Dµvi+ = ∇µvi+ +
1
2
ig1aµvi+ +
1
2
ig2A
I
µ (ΓI)
j+
i+
vj+ . (29)
For the remaining fields we study the interaction terms of (1) directly in the field equations.
They turn out to be subdominant in the equations for the boundary-dominant field com-
ponents, such that their scaling is not affected. They do, however, alter the subdominant
components, some of which are in fact not subdominant but play the role of auxiliary fields
on the boundary. We start with the gravitinos, for which the scaling of ψˆLµi+ was determined
from the PL-projection of (18) at O(r3/2). One easily verifies that the interaction terms in
(18) are of O(r5/2) and thus the analysis of the previous section is not affected. To determine
the subdominant components we consider the PR projection of the µˆ=µ components. Noting
that (Γα)
j+
i+
= (Γα)
j−
i−
= 0 due to {Γα,Γ45} = 0, and Bˆαµˆνˆ (Γα) j−i+ =
√
2Cˆµˆνˆ (Γ4)
j−
i+
, we find
ψˆµi+ = r
−1/2ψLµi+ + r
1/2ΦRµi+ with
ΦRµi+
∣∣∣
r=0
= −1
2
i
(
γ νρµ −
2
3
γµγ
νρ
)(
Dνψ
L
ρi+ −
1
4
γ · C−i+j+γνψRj+ρ
)
, (30)
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where γ · C := γµνCµν and Cµˆνˆ i+j+ := Cµˆνˆ (Γ4)i+j+. Note that ψ
Ri+
µ = C
(
ψ¯
Li+
µ
)T
by the
symplectic Majorana condition, and a possible C+-contribution drops out due to γ · C± =
γ · C±PR/L. For later convenience we define the quantity
Rµν i+(Q) := D[µψ
L
ν]i+
− iγ[µΦRν]i+ −
1
4
γ · C−i+j+γ[µψ
Rj+
ν] , (31)
and note that it is anti-selfdual i ⋆ Rµν i+(Q) = −Rµν i+(Q) and satisfies γµRµν i+(Q) = 0.
We continue with the tensor field Cˆµˆνˆ . Using
1
2 (γµν ± i ⋆ γµν) = γµνPR/L we find the in-
teraction terms subdominant in the anti-selfdual part of (22) with µˆνˆ=µν, which was used
to determine the scaling Cˆ−µν = r−1C−µν . In the selfdual part the interaction terms are not
subdominant, but rather fix Cˆ+µν = r
−1C+µν with
C+µν
∣∣
r=0
=
1
4
i (Γ4)
i+j+ ψ¯Rρi+γ
[ργµνγ
σ]ψLσj+ . (32)
Thus, Cˆ+µν is in fact not subdominant with respect to Cˆ
−
µν . However, since its boundary value
is completely fixed in terms of the other boundary fields, Cˆ+µν plays the role of an auxiliary
field on the boundary. From the µˆνˆ=µr components we find the subdominant Cˆµr = Cµr
with
Cµr
∣∣
r=0
=
1
2
ire−1ǫ νρσµ DνCˆρσ + ψ¯
R
ρi+
(
γ ρσµ Φ
R
σj+ +
1√
3
γµγ
ρχLj+
)
(Γ4)
i+j+ . (33)
For the spin-12 fermions χˆ
L
i+
= r3/2χLi+ was obtained from the PL projection of (20) at O(r3/2).
The only additional contribution at that order is ∝ γργ ·C+i+j+ψ
Rj+
ρ which is a three-fermion
term by (32) and we expect it to be cancelled by contributions of four-fermion terms in (1).
We conclude that – up to the four-fermion terms not considered here – the obtained scaling
for χˆLi+ is not affected by the interaction terms. The subdominant righthanded part is fixed
from the PR-projection of (20) and we find χˆi+ = r
3/2χLi+ + r
5/2 log(r)χRi+ with
χRi+
∣∣∣
r=0
= i /DχLi+ −
1√
2
ϕγµψLµi+ −
i
2
√
6
γργµν
(
F Iµν (ΓI)
j+
i+
−
√
2fµνδ
j+
i+
)
ψLρj+
+
i
2
√
3
γργ · C−i+j+Φj+Lρ −
1√
3
γργµCµr i+j+ψ
j+R
ρ .
(34)
In the equations for the gauge fields (24), (25) the leading-order terms are those involving J4
µˆi
j
(the gravitino part thereof) and J1
µν
ij , both of which are of O(r−3). However, since (ΓI) j−i+ =
(ΓI)
j+
i−
= 0 due to [ΓI ,Γ45] = 0, their leading-order parts cancel exactly in both equations,
such that the previous analysis of the linearized equations is not altered. For the scalar field
we have to check that the interaction terms are subdominant with respect to the O(r2) and
O(r2 log(r)) parts of (26). Similar to the case of the gauge fields, there are cancellations
between different terms at leading order. From (32) the Jµν1ij term and the CˆµνCˆ
µν term add
up to zero at leading order, and also −iA′ij ˆ¯ψiµˆγˆµˆχˆj and − 1√2 eˆ−1∂νˆ
(
ieˆ ˆ¯ψiµˆγˆ
νˆ γˆµˆχˆi
)
cancel. The
remaining terms are subleading and thus the cancellations justify the analysis of the linearized
equations also for ϕˆ. We conclude that the scaling behaviours obtained from the linearized
equations of motion with the modifications for the subdominant components discussed here
are consistent in the nonlinear theory as given by (1).
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3.3 Induced boundary symmetries
Having obtained the multiplet of boundary fields in the previous section we now discuss the
symmetries on the boundary. To this end we determine the residual bulk symmetries from the
constraints (13) and examine their action on the boundary fields, which is defined straight-
forwardly e.g. δφ := limr→0 f(r)−1δˆφˆ for a boundary field φ = limr→0 f(r)−1φˆ. Relevant to
us are solutions to the constraints (13) which act nontrivially on the boundary fields, and
in the following we discuss certain special solutions which generate the general symmetry
transformation of the boundary fields.
The constraint that eˆ
r
r and eˆar be preserved yields that, for an arbitrary λ(x),
Xˆr = rλ(x), Σˆar = −eaµ∂rXˆµ . (35)
We parametrize the U(1) and SU(2) gauge transformations by σˆ(x, r) and τˆ I(x, r), respec-
tively, and using (35) the remaining constraints are
∂rXˆ
µ =gµρ
(
r∂ρλ(x) + i
ˆ¯ψiργˆ
r ǫˆi
)
, (36a)
∂rσˆ =aˆµ∂rXˆ
µ +
1√
3
iξ2 ˆ¯χiγˆr ǫˆi , (36b)
∂r τˆ
I =AˆIµ∂rXˆ
µ +
1√
6
iξ−1 ˆ¯χiγˆr ǫˆj
(
ΓI
)
ij
, (36c)
∇ˆr ǫˆi + γˆrTij ǫˆj =−
(
∂rXˆ
µ
)
ψˆµi +
1
6
√
2
(
γˆ νˆρˆr − 4δνˆr γˆρˆ
)(
Hνˆρˆij +
1√
2
hνˆ ρˆij
)
ǫˆj . (36d)
Thus, (13) is solved for ǫˆ ≡ 0, λ ≡ 0 and Xˆ µˆ = (Xµ(x), 0), Σˆaˆcˆ = δaˆaδ ccˆ Σac(x), τˆ I = τ I(x)
and σˆ = σ(x), acting as four-dimensional diffeomorphisms δX , local Lorentz transformations
δΣ and SU(2)⊗U(1) gauge transformations δτI , δσ , respectively, on the boundary fields.
Furthermore, consider δˆw:=δXˆw+δǫˆw+δΣˆw+δσˆw+δτˆIw , with nonzero Xˆ
r = rλ accompanied by
ǫˆwi = O(r3/2), by Xˆµw, σˆw, τˆ Iw of O(r2) and by Σˆaw b = 0, Σˆaw r = O(r) to solve (35), (36). All
transformations preserve the boundary fields, except for δXˆw which acts as a Weyl rescaling.
The Weyl weights of the boundary fields are fixed by the scaling of the bulk fields from which
they are defined, e.g. for φ := limr→0 rαφˆ we have δwφ := limr→0 rαδˆwφˆ = −αλ(x)φ.
Finally, we set λ ≡ 0 and consider non-vanishing ǫˆi solving (36d). Similarly to the mass
terms in the spinor field equations, the Tij-term in (36d) affects a splitting of the chiral
components when solving the leading order in r. We find the two independent solutions
ǫˆi+ = r
−1/2ǫLi+ + o(r
1/2) and ǫˆi+ = r
1/2ǫRi+ + o(r
1/2) with ǫ
L/R
i+
|r=0 finite. Xˆµ, σˆ and τˆ I of
O(r2) and Σˆar = O(r) are fixed by solving the remaining constraints, such that δXˆ, Σˆ, σˆ, τˆI
transform the subleading modes of the bulk fields only. On the boundary fields we thus have
a purely fermionic transformation δˆǫˆ.
We define ζi+ := ǫ
L
i+
(x, 0), ζ i+:= ǫRi+(x, 0), such that ζ i+ is related to ζi+ by the symplectic
Majorana condition, and similarly ηi+ := ǫ
R
i+
(x, 0), ηi+ := ǫLi+(x, 0). To leading order in the
11
fermionic fields the ζ-transformations of the boundary fields are
δζe
a
µ = iψ¯
Li+
µ γ
aζi+ + c.c. , δζψ
L
µi+ = Dµζi+ −
1
4
γ · C−i+j+γµζj+ ,
δζA
I
µ =
1√
2
i
(
Φ¯Ri+µ ζj+ −
1√
3
χ¯Li+γµζj+
) (
ΓI
) j+
i+
+ c.c. ,
δζaµ =
1
2
i
(
Φ¯Ri+µ ζi+ +
2√
3
χ¯Li+γµζi+
)
+ c.c. , δζϕ =
1√
2
iχ¯Ri+ζi+ + c.c. ,
δζχ
L
i+ = −
1√
2
iϕζi+ +
1
2
√
6
γµν
(
F Iµν (ΓI)
j+
i+
−
√
2fµνδ
j+
i+
)
ζj+ −
1√
3
iγµCµr i+j+ζ
j+ ,
δζC
−
ab = 2i (Γ4)
i+j+
(
ζ¯i+Rˆab j+(Q) +
1
4
ηacψ¯
µR
i+
γ[νγbµγ
c]δζψ
L
νj+
)
,
(37)
where Rˆµν i+(Q) := Rµν i+(Q) − 12√3 iγµνχLi+ . These correspond to N=2 (Q-)supersymmetry
transformations of the boundary fields. The η-transformations are given by
δηe
a
µ = 0 , δηψ
L
µi+ = −iγµηi+ , δηaµ =
1
2
iψ¯Li+µ ηi+ + c.c. ,
δηC
−
ab =
1
2
i (Γ4)
i+j+ ηacψ¯
µR
i+
γ[νγbµγ
c]δηψ
L
νj+ , δηϕ = 0 ,
δηχ
L
i+ = −
1
2
√
3
γ · C−i+j+ ηj+ , δηAIµ =
1√
2
iψ¯Li+µ ηj+
(
ΓI
) j+
i+
+ c.c. ,
(38)
and correspond to special conformal (S-)supersymmetry or super-Weyl transformations. The
constrained field components ΦRµi+ , C
+
µν and Cµr are given by (30), (32) and (33), respectively,
and the covariant derivative by (29). With χRi+ as given in (34) the transformation of the
scalar field may be rewritten as
δζϕ =
1√
2
ζ¯ i+γµ
(
Dµ − δζ(ψµ)− δη(Φµ)
)
χLi+ + c.c. , (39)
where δζ(ψµ) denotes a field-dependent ζ-supersymmetry transformation with parameter
ζi+= ψ
L
µi+
, and analogously for δη(Φµ) with ηi+ = Φ
R
µi+
.
The commutators of Q- and S-supersymmetries can be derived from (7) and we find
[δζ2 , δζ1 ] = δXζ + δΣ
(
Xµζ ω
ab
µ
)
+ δΣ
(
2iζ¯
i+
1 ζ
j+
2 C
−ab
i+j+
+ c.c.
)
+ δσζ + δτIζ
, (40a)
[δη, δζ ] = δWeyl
(
ζ¯ i+ηi++ c.c.
)
+ δΣ
(− ζ¯ i+γabηi++ c.c.)+ δσηζ + δτIηζ , (40b)
[δη2 , δη1 ] = 0 , (40c)
where in (40a) the diffeomorphism is Xµζ = −iζ¯ i+1 γµζ2i++ c.c. and the gauge transformations
are σζ = X
µ
ζ aµ, τ
I
ζ = X
µ
ζ A
I
µ. The gauge transformations in (40b) are σηζ =
1
2 iζ¯
i+ηi++ c.c.
and τ Iηζ =
1√
2
i (ΓI)
j+
i+
ζ¯ i+ηj++ c.c..
Altogether, we find the boundary degrees of freedom with properties as given in Table 1 and
with the fermionic symmetry transformations (37), (38). The off-shell degrees of freedom are
given as the difference of field components and gauge degrees of freedom, e.g. for the chiral
gravitino we count 16 components from which 2 · 4 degrees of freedom are removed for the
chiral ζ and η supersymmetry transformations. Likewise, of the 16 vielbein components 4
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eaµ ψ
L
µi+
aµ, A
I
µ χ
L
i+
C−µν ϕ
w −1 −12 0 32 −1 2
s 2 32 1
1
2 1 0
n 5 −8 3 −4 6 1
c 0 12 0
1
2 1 0
Table 1: Boundary fields with Weyl weights w, spin s and n off-shell degrees of freedom. The
fermions are SU(2) doublets and c denotes the U(1) charges.
degrees of freedom are subtracted for diffeomorphisms, 6 for local Lorentz and 1 for Weyl
transformations. As seen from Table 1, the total numbers of bosonic and fermionic degrees of
freedom, both being 24, match nicely, and the boundary fields fill theN=2Weyl multiplet, see
[21, 22]. The bulk SU(2)⊗U(1) gauge symmetry has become the chiral U(2) transformations
contained in SU(2, 2|2) to close the commutator of Q- and S-supersymmetries.
4 Application: Holographic Weyl anomaly
In this section we give an application of the previous results using the AdS/CFT conjecture.
As noted in the introduction, solutions of Romans’ theory can be lifted to the ten-dimensional
IIA/B supergravities and to the maximal d=11 supergravity. In particular, the AdS5 vacuum
lifts to AdS5×S5 in IIB supergravity [8] and to a solution describing the near-horizon limit
of a semi-localized system of two sets of M5-branes in M-theory [9]. The latter solution can
be understood as uplift of a solution in the IIA theory describing an elliptic brane system
with D4 and NS5 branes [23]. Thus, the fluctuations around AdS are understood as a dual
description of a subsector of N=4 SYM theory via the lift to IIB supergravity, and as dual to
the N=2 SCFTs on the M5-brane intersection and on the D4 branes via the lifts to M-theory
and IIA supergravity, respectively.
An important result in AdS/CFT is that the appearance of a Weyl anomaly in the SCFT in an
external supergravity background can be understood holographically as follows [12, 13, 24]. In
the limit where string theory is appropriately described by supergravity, the generating func-
tional of the SCFT correlation functions in the conformal supergravity background gµν , . . .
with sources δgµν , . . . is related to the path integral of the dual supergravity as a functional
of the boundary conditions by [25]
∫
[t−,t+]
Dgˆ
∣∣∣
r2gˆ|∂X=g+δg
eiSsugra[gˆ] 〈βˆ|gˆ, t+〉〈gˆ, t−|αˆ〉 = 〈β|Tei
∫
∂X
1
2
δgµνTµν |α〉SCFT . (41)
The remaining supergravity fields and boundary conditions on the left hand side and the
remaining SCFT operators and sources on the right hand side are implicit. In the limit where
the bulk supergravity becomes classical, the path integral reduces to the integrand evaluated
on the solution of the classical field equations4.
4Which involve also boundary conditions at t±. However, for the calculation of the anomaly only the
boundary conditions on ∂X are relevant, since it does not depend on the choice of SCFT state.
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The on-shell supergravity action, however, is divergent and has to be regularized, e.g. by in-
troducing an IR cutoff on the radial coordinate r ≥ ǫ. This reflects the need for regularization
of UV divergences on the CFT side. The renormalized supergravity action
Srensugra = lim
ǫ→0
(
Ssugra,ǫ + SGHY + Sct + S
log
ct
)
, Ssugra,ǫ =
∫
r≥ǫ
d5xLsugra . (42)
is then constructed from the regularized action Ssugra,ǫ, the Gibbons-Hawking-York term
SGHY for a well-defined variational principle and the counterterm action to render the limit
ǫ→ 0 finite. It turns out that the 1/ǫk divergences can be removed by adding (bulk-)covariant
boundary terms Sct, constructed e.g. from the induced metric. In odd dimensions, however,
there is also a log ǫ divergence, the counterterm for which explicitly depends on (the coordinate
of) the cutoff ǫ. Due to this explicit cutoff dependence the renormalization breaks invariance
under those bulk diffeomorphisms that act as Weyl rescalings on the boundary. Applying such
a diffeomorphism inducing a Weyl transformation on the boundary, as discussed in Section
3.3, yields the anomalous boundary Ward identity corresponding to Weyl invariance.
The anomalous trace of the energy-momentum tensor in pure-metric backgrounds has been
calculated in [12] from pure gravity in the bulk. The extension to dilaton gravity can be
found in [14] and higher-order curvature terms in the bulk arising from higher orders in the
effective string-theory action are discussed in [15]. We now study the Weyl anomaly of the
SCFTs dual to Romans’ theory in generic bosonic N=2 conformal supergravity backgrounds.
To this end we truncate the five-dimensional N=4 supergravity to its bosonic sector, which
is consistent because the fermionic field equations are solved trivially by ψˆµˆi ≡ χˆi ≡ 0.
The bosonic part of the N=2 Weyl multiplet of boundary fields as determined in the previous
section is given by
(
eaµ, A
I
µ, aµ, C
−
µν , ϕ
)
, and we label the bosonic part of the dual multiplet of
SCFT currents by
(
T aµ , J
I
µ, jµ, Lµν , φ
)
. T aµ , J
I
µ and jµ are the classically conserved currents
5
and Lµν , φ complete the bosonic part of the supermultiplet. Equation (41) then yields
δSrensugra =
∫
r=0
d4x e
(
δeµa 〈T aµ 〉+ δaµ 〈jµ〉+ δAIµ 〈JµI〉+ δC−µν 〈Lµν〉+ δϕ 〈φ〉
)
. (43)
We choose the variations of the boundary conditions such that they correspond to a Weyl
transformation, δeaµ = −λeaµ and likewise for the remaining fields. Extending them into the
bulk to a diffeomorphism as discussed in Section 3.3, generated by the vector field (Xµ, λr)
with ∂rX
µ = rgµρ∂ρλ and X
µ|r=0 = 0, yields the anomalous Ward identity
〈T µµ 〉 − C−µν〈Lµν〉+ 2ϕ〈φ〉 = A , A := lim
ǫ→0
1
e
δ
δλ
Slogct . (44)
In the remaining part of this section we will determine A. To this end we have to solve
the nonlinear field equations of the various fields as asymptotic series in a vicinity of the
boundary, which then allows us to determine the divergences of the on-shell action and the
required counterterms.
4.1 On-shell bulk fields as asymptotic series
We now determine the required subleading modes of the bulk fields from their field equations.
For the matter fields the equations have been given in Section 3.1 and Einstein’s equations
5The dual theory has SU(2)⊗U(1) R-symmetry.
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for the bosonic sector read6
Rˆµˆνˆ(ωˆ) = 4
3
P (ϕˆ)gˆµˆνˆ + 2DˆµˆϕˆDˆνˆ ϕˆ− ξ−4
(
2fˆµˆρˆfˆ
ρˆ
νˆ −
1
3
gˆµˆνˆ fˆ
ρˆσˆ fˆρˆσˆ
)
− ξ2
(
2Bˆ αµˆρˆBˆ
ρˆα
νˆ + 2Fˆ
I
µˆρˆFˆ
ρˆI
νˆ −
1
3
gˆµˆνˆ
(
BˆρˆσˆαBˆ αρˆσˆ + Fˆ
ρˆσˆI Fˆ Iρˆσˆ
))
.
(45)
The coupled system of equations can be solved order by order in an expansion around the
asymptotic boundary. The leading order has been discussed in Sections 3.1 and 3.2. To
consistently solve the Dirichlet problem log r terms have to be included in the expansions,
which yields the asymptotic forms
gµν(x, r) = g
(0)
µν + r
2g(2)µν + r
3g(3)µν + r
4(log r)2h(0)µν + r
4 log r h(1)µν + r
4g˜(4)µν + o(r
4) ,
aˆµ(x, r) = a
(0)
µ + o(r) ,
Aˆµ(x, r) = A
I(0)
µ + o(r) ,
Cˆµν(x, r) = r
−1C−(0)µν + r log r C
+(1)
µν + r C˜
(2)
µν + o(r) , Cˆµr(x, r) = C
(0)
µr +O(r2 log r) ,
ϕˆ(x, r) = r2 log r ϕ(0) + r2ϕ˜(1) + o(r2) .
(46)
The leading mode C−(0)µν of the tensor field is anti-selfdual and the r log r term C+(1)µν selfdual.
Note the additional r4(log r)2 term in the metric expansion as compared to the pure-gravity
case. This is necessary due to the ϕˆ2 term in (45). Due to the additional log-terms and
the fact that h(1)µν is not traceless (as will be seen below), the bulk-covariant counterterms
cancelling the 1/ǫk-divergences do contribute additional log-divergences (in contrast to the
pure-gravity case) and we have to determine them first. The 2nd-order field equations fix the
bulk fields in terms of two sets of boundary data. Namely, the bulk metric gˆ is fixed from
the boundary metric g(0) and the traceless and divergence-free part of g˜(4), the two-form field
Cˆ is determined by specifying the anti-selfdual boundary field C−(0) and the selfdual part of
C˜(2), and the Dirichlet data for ϕˆ is given by ϕ(0) and ϕ˜(1). Thus, only the leading modes
of the on-shell bulk fields are fixed in terms of the boundary fields alone. The second set of
boundary data is linked to the choice of SCFT states.
To determine g(2)µν we need the µν-components of the Ricci tensor for the metric (11). With
a prime denoting differentiation with respect to r and Rµν(ω) being the curvature of the
four-dimensional spin connection ωµab they read
Rˆµν(ωˆ) =Rµν(ω) +
4
r2
gµν − 3
2r
g′µν +
(1
4
g′µν −
1
2r
gµν
)
tr g−1g′ +
1
2
g′′µν −
1
2
g′µρg
ρσg′σν . (47)
Solving the µν-components of (45) at O(r−1) shows that there is no contribution to gµν(x, r)
linear in r. Solving at O(r0) shows
g(2)µν =
1
2
(
R(0)µν(ω)−
1
6
R(0)(ω)g(0)µν + 4C−(0)µρ C−(0) ρν
)
. (48)
Note that the last term is real due to the anti-selfduality of C−(0)µν . For the gauge fields we
find from (24) and (25) that the first subleading modes are o(r). Equation (22) yields
C(0)µr =
1
2
ie(0)−1ǫ ρστµ DρC
−(0)
στ , C
+(1)
µν =
(
1+ i ⋆(0)
)(
g(2) ρ[µ C
−(0)
ν]ρ −D[µC(0)ν]r
)
. (49)
6Our conventions are Rˆ aˆµˆ (ωˆ) = eˆ
νˆ
bˆ
Rˆ
aˆbˆ
µˆνˆ (ωˆ) and Rˆµˆνˆ(ωˆ) = eˆνˆbˆRˆ
aˆ
µˆ (ωˆ).
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For the on-shell action we also need the expansion of the vielbein determinant
e = e(0)
(
1+
1
2
r2t(2)+
1
2
r4(log r)2u(0)+
1
2
r4 log r u(1)+
1
2
r4
(
t(4)+
1
4
(t(2))2− 1
2
t(2,2)
))
+o(r4) , (50)
where t(n) := tr g(0)−1g(n), u(n) := tr g(0)−1h(n) and t(2,2) := tr g(0)−1g(2)g(0)−1g(2). These traces
can be determined from the rr-components of (45) with
Rˆrr(ωˆ) = − 4
r2
+
1
2r
tr g−1g′ − 1
2
tr g−1g′′ +
1
4
tr g−1g′g−1g′ . (51)
For notational convenience we define CˆρσCˆ
ρσ =: r4 log r c(0) + r4c(1) + o(r4). The leading
term, which would be O(r2), vanishes due to the anti-selfduality of C−(0)ρσ . With b(0) :=
r−2Bˆ αrρ Bˆ
ρα
r |r=0 we find t(3) = 0 and
u(0) = −4
3
ϕ(0)
2
, u(1) = −8
3
ϕ(0)ϕ˜(1) +
1
6
c(0) ,
t(2,2) − 4t(4) = 16
3
ϕ˜(1)
2
+
2
3
ϕ(0)
2 − 1
3
(
F (0)ρσIF (0)Iρσ + f
(0)ρσf (0)ρσ
)− 4
3
b(0) − 2
3
c(1) +
1
2
c(0) .
(52)
Note the dependences on c(1) and ϕ˜(1) which are not fixed by the near-boundary analysis.
4.2 Holographic renormalization
Having calculated the necessary terms in the asymptotic expansions of the bulk fields we now
determine the divergences of the on-shell action and the necessary counterterms. Using (45)
and (22) the Lagrangian (1) truncated to the bosonic sector reads
Lon-shell = −2eˆ− 4
3
eˆϕˆ2 +
1
12
eˆξ2BˆµˆνˆαBˆ αµˆνˆ −
1
6
eˆ
(
Fˆ µˆνˆI Fˆ Iµˆνˆ + fˆ
µˆνˆ fˆµˆνˆ
)
+O(r0) . (53)
Na¨ıvely, one may expect terms of order r−1(log r)2 and r−1 log r in Lon-shell, e.g. due to the
scalar and tensor field terms. This potentially leads to (log ǫ)3 and (log ǫ)2 divergences in the
on-shell action. However, it turns out that the contributions from eˆ to these terms cancel the
others, such that only terms proportional to r−n with n = 5, 3, 1 and O(r0) are nonvanishing
in Lon-shell. As may be verified with the expansions of the previous section, Ssugra,ǫ+SGHY+Sct
with
SGHY =
1
2
∫
r=ǫ
d4x eˆ∗Kˆ , Sct =
∫
r=ǫ
d4x eˆ∗
(
− 3
2
+
1
8
R∗(ω)− ϕˆ2 + α Cˆ∗µνCˆ∗µν
)
, (54)
only has a logarithmic divergence in the limit ǫ→ 0, i.e. all 1/ǫk divergences are cancelled. The
∗ denotes induced quantities on the boundary, e.g. the pullback of the vielbein and the two-
form field Cˆ, and indices are contracted with the induced vielbein and metric. Kˆ := eˆµˆaˆKˆ
aˆ
µˆ is
the trace of the extrinsic curvature of the boundary7, Kˆ aˆµˆ = ωˆ
aˆr
µˆ . We note that also SGHY
and Sct separately only have power-law and log ǫ divergences, e.g. the ϕˆ
2 term in Sct cancels
the (log ǫ)2 divergence in the cosmological-constant term −32 eˆ∗. Thus, the only remaining
7The extrinsic curvature is defined as Kˆµˆνˆ := P
ρˆ
µˆ P
σˆ
νˆ ∇ˆρˆnˆσˆ with the projector P
νˆ
µˆ = δ
νˆ
µˆ −nˆµˆnˆ
νˆ/gˆ(nˆ, nˆ) and
the outward-pointing unit normal vector field nˆµˆ = eˆµˆr. Using the vielbein postulate this yields Kˆ aˆµˆ = ωˆ
aˆr
µˆ .
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divergence is log ǫ, which is consistent with the expectation that the Weyl anomaly of the
dual theory is exhausted at one-loop8. A slight subtlety arises for the eˆ∗Cˆ∗µνCˆ∗µν term in
Sct. Since the leading term vanishes on-shell thanks to the anti-selfduality of C
−(0)
µν , it only
contributes a logarithmic divergence. However, as it does not explicitly depend on the cutoff
and therefore does not contribute to the Weyl anomaly we include it in Sct with a for now
arbitrary numerical coefficient α.
The remaining counterterm required to cancel the log ǫ divergence depends on α and is given
by
Slogct =
∫
r=ǫ
d4x eˆ∗
(
1
16
(
RµνR
µν − 1
3
R
2
)
log ǫ− 1
4
(
Fˆ ∗Iµν Fˆ
∗µνI + fˆ∗µν fˆ
∗µν) log ǫ
− 1
2
ϕˆ2(log ǫ)−1 − (DaCˆ∗ ab )(DcCˆ∗bc) log ǫ+ (1− 4α)B log ǫ
)
,
(55)
where we defined the modified curvature Rµν := R∗µν(ω)+4 Cˆ ∗µρ Cˆ∗ ρν and Da is the covariant
derivative with the four-dimensional spin connection ωµab. The dependence on α is seen in
the last term, where
B = (DaCˆ∗ ab )(DcCˆ∗bc)− 12Rµν Cˆ ∗µρ Cˆ∗ ρν −
1
2
DaDb
(
Cˆ∗acCˆ∗bc
)
.
Clearly, the choice of α will affect the Weyl anomaly, so it has to be fixed. As the renormalized
bulk action should yield finite correlation functions for the boundary theory, we calculate the
one-point function of the energy-momentum tensor of the dual Yang-Mills theory. According
to (43) it is given by
〈T aµ 〉 =
1
e(0)
δSrensugra
δeµ(0)a
= lim
ǫ→0
ǫ−3
1
eˆ∗
δSrensugra,ǫ
δeˆ∗µa
=: lim
ǫ→0
ǫ−3 T aµ , (56)
where Srensugra,ǫ is the action defined in (42) before taking the limit ǫ→ 0. T aµ is the Brown-York
quasilocal energy-momentum tensor [26] of the bulk supergravity with regularization r ≥ ǫ
and supplemented by the counterterms. We find
T aµ =
1
2
(
Kˆ aµ − eˆ∗aµ Kˆ
)
+
3
2
eˆ∗aµ +
1
4
(R∗aµ (ω)− 12 eˆ∗aµR∗(ω)
)
+ 2α
(
Cˆ∗µνCˆ
∗aν + c.c.
)− αeˆ∗aµ Cˆ ∗νρCˆ∗νρ + 1e∗
δSlogct
δeˆ∗µa
.
(57)
Inserting the on-shell expansion of the fields as obtained in Section 4.1, the leading part of
Cˆ ∗µνCˆ∗aν does not vanish and contributes at O(ǫ). Demanding a finite limit in (56) then fixes
α = 14 . Similarly, finiteness of 〈Lµν〉 also requires this choice of α. The reason why finiteness
of the one-point functions requires a fixed α while finiteness of the on-shell action does not
can be seen as follows. The vanishing of the leading order of the counterterm Cˆ∗µνCˆ∗µν due to
the anti-selfduality of C−(0)µν relies on the contraction of the two-form fields with the metric.
Therefore, finiteness of the action evaluated on solutions of the classical field equations does
not guarantee finiteness of the variations with respect to the metric or the two-form field
evaluated on classical solutions.
8It shares a multiplet with the chiral anomaly which receives no contributions beyond one-loop order.
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Finally, we obtain the anomalous contribution to the Ward identity (44) from the variation
of (55) for α = 14 and find, with R
(0)
µν = R(0)µν(ω) + 4C−(0)µρ C−(0) ρν ,
A = − 1
16
(
R
(0)
µνR
(0)µν − 1
3
R
(0)2
)
+ DaC
−(0) a
b DcC
−(0)bc
− 1
2
ϕ(0)
2
+
1
4
(
F (0)Iµν F
(0)µνI + f (0)µν f
(0)µν
)
.
(58)
The curvature-squared part of the first term yields the difference of the squared Weyl tensor
and the four-dimensional Euler density, and the mixed terms complete the kinetic term of the
two-form field to its Weyl-invariant form. Note that the anomaly depends on the boundary
fields only, i.e. the dependences on ϕ˜(1) and c(1), which are not fixed by the near-boundary
analysis, have dropped out. This is to be expected as the anomaly is a UV effect in the
dual theory. From the dual Yang-Mills theory point of view, the Weyl anomaly of N=4
SYM theory should be given by the Lagrangian of N=4 conformal supergravity [16]. As
noted before, the bulk theory discussed here provides a holographic description of a subsector
of that theory and thus the Weyl anomaly should correspond to a subsector of the N=4
conformal supergravity Lagrangian. Comparing the holographic Weyl anomaly (58) to the
construction of four-dimensional extended conformal supergravity in [27], it indeed matches
the bosonic part of the N=2 conformal supergravity Lagrangian (5.18) of [27]. Thus, our
result gives further support to the AdS/CFT conjecture.
5 Conclusion
In this paper we have studied SU(2)⊗U(1) gauged N=4 supergravity on asymptotically-AdS5
backgrounds. We have constructed the multiplet of fields induced on the conformal boundary
and determined the induced representation of the local bulk symmetries on the boundary
fields. This has shown that the boundary degrees of freedom, which are given in Table 1, fill
the N=2 Weyl multiplet and that the complete local N=2 superconformal transformations
are induced, with Q- and S-supersymmetry transformations given in (37), (38).
For the constructions we have employed gauge fixings for the bulk symmetries, which were
chosen such that they do not cause a fixing of the symmetries induced on the boundary. Dif-
ferent gauge fixings are expected to yield the same boundary fields and symmetries, possibly
gauge fixed and/or with additional gauge degrees of freedom. An interesting task is to study
this in the BRST approach. Note also that for the cases discussed here the rescaled boundary
limit of the bulk fields agrees with their rescaled pullback to the boundary.
In the second part we have used these results and the AdS/CFT conjecture to study the four-
dimensional SCFTs dual to Romans’ theory, e.g. the worldvolume theory on the D4-branes
of the elliptic brane configuration studied in [23]. For that purpose, we have carried out the
holographic renormalization of the bosonic sector of the gauged N=4 supergravity. As we
have seen, the boundary terms (54), (55) ensure finiteness of the action evaluated on solutions
of the classical field equations, and for α = 14 also of the variations of the action evaluated on
the classical solutions. In particular, we found a finite SCFT energy-momentum tensor which
is obtained as the rescaled boundary limit of the Brown York energy-momentum tensor of the
bulk theory (57). The boundary terms (55) break part of the bulk diffeomorphism invariance,
which leads to the anomalous contribution (58) to the boundary Ward identity for Weyl
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invariance (44). Thus, we have obtained the Weyl anomaly for the dual SCFTs in a generic
bosonic N=2 conformal supergravity background, including the matter field contributions.
An interesting point for further investigation concerns the holographic counterterms. Remark-
ably, as shown in [28], for lower-dimensional theories the holographic counterterms coincide
with the boundary terms required by supersymmetry in the presence of a boundary. It would
certainly be interesting to see whether demanding supersymmetry is sufficient to reproduce
the boundary terms obtained here. Furthermore, the renormalized action and Brown-York
energy-momentum tensor (57) may be useful for characterizing solutions of Romans’ theory
involving matter fields, e.g. for the solutions with non-Abelian gauge fields discussed in [29].
Another field for further research is in a somewhat different direction. A duality relation
reminiscent of the AdS/CFT correspondence has been formulated and proven in [17] in the
context of algebraic QFT. Although it is unclear whether the bulk theory considered here can
be fit into the framework of algebraic QFT, we may still try to interpret the results of the first
part on the asymptotic structure in that context9. While the physical interpretation of the
boundary theory in [17] is not immediately clear, the constructions in [18], where the boundary
Wightman field is constructed as boundary limit of the rescaled AdS Wightman field, suggest
that the boundary fields constructed here indeed constitute the field content of the boundary
theory. This may also be understood in the context of [19], where it was shown that, replacing
the Dirichlet boundary conditions employed in the AdS/CFT correspondence by Neumann or
mixed boundary conditions, the boundary metric can be promoted to a dynamical field. An
interesting task left for the future is to combine our results with the appropriate boundary
conditions to construct a dynamical conformal supergravity on the boundary.
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A Conventions
In this appendix we give a summary of the conventions for the usp(4) generators, which
agree with those of [7], and for the spacetime γ-matrices. All spacetime quantities are five-
dimensional, so we omit hats for better readability. The γ-matrices are chosen such that
γabcde = ǫabcde with ǫ01234 = 1. With the charge conjugation matrix C satisfying
CγˆµˆC
−1 = γˆTµˆ , C
T = C−1 = −C, C⋆ = C (59)
the supercharges and hence all the spinors satisfy the symplectic Majorana condition
(χi)
† γ0 =: χ¯i =
(
χi
)T
C . (60)
9 [17] relies on the precise properties of AdS space, so we may regard the bulk theory as expanded around
an AdS background for that purpose.
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Fermionic fields are by convention anticommuting and complex conjugation changes their
order. Antisymmetrized indices are defined as X[µYν] :=
1
2(XµYν −XνYµ).
The usp(4) symplectic metric Ω and its inverse satisfy ΩijΩ
jk = δ ki , Ω
ij = (Ωji)
∗ and are
used to raise and lower spinor indices via ǫi = Ωijǫj and ǫi = Ωijǫ
j. The so(5) Clifford
algebra generators Γm satisfy (Γm)
k
i (Γn)
j
k +(Γn)
k
i (Γm)
j
k = 2δmnδ
j
i , which yields canonical
Clifford matrices only for these specific index positions. With the charge conjugation matrix
Ω we have
Ωik (Γm)
j
k =: (Γm)
ij = − (Γm)ji . (61)
The conjugate is denoted by (Γm)ij =
(
(Γm)
ij )∗ and the so(5) generators satisfy (Γmn)ij =
(Γmn)
ji. The convention for ǫαβ is ǫ45 = ǫ
45 = 1.
As usual, the Landau notation is defined by
f
x→x0= O(g) :⇐⇒ lim sup
x→x0
|f/g| <∞ , f x→x0= o(g) :⇐⇒ lim
x→x0
|f/g| = 0 . (62)
B Comparison to [21]
To connect the superconformal transformations (37), (38), (39) to the results obtained in [21]
we first redefine the tensor field as Cµν := Cµν − i (Γ4)i+j+ ψ¯R[µ i+ψLν] j+ such that, to leading
order in the fermions,
δζC−ab = 2i (Γ4)i+j+ ζ¯i+Rˆab j+(Q) , δηC−ab = 0 , (63)
while the transformations of the other fields change by C−→ C− only. With the field redefi-
nitions
ψLµi+ =:
κ√
2
Ψµι , Φ
R
µi+ +
1
2
√
3
γµχ
L
i+ =:
κ√
8
Φµι , Rˆµν i+(Q) =:
κ√
8
Rˆ′µν ι(Q) ,
ζi+ =:
√
2ζ ′ι , ηi+ =:
1√
2
η′ι , C−µν i+j+ =:
κ
4
T−µν ις , χ
L
i+ =:
√
3
8
κχ′ι , (64)
aµ =:
κ
2
Aµ , iAIµ (ΓI) j+i+ =:
κ√
8
V ςµ ι , ϕ =:
√
3
8
κϕ′ ,
where ι := i+, ς := j+, the expressions for the auxiliary fields are
ωµab = ωµab(e) − 1
4
κ2
(
iΨ¯ιaγµΨbι + 2iΨ¯
ι
µγ[aΨb]ι + c.c.
)
,
Φµι = −1
2
i
(
γνργµ − 1
3
γµγ
νρ
)(
DνΨρι − κ
16
γ · T−ις γνΨςρ
)
+
1
2
γµχ
′
ι ,
Rˆ′µν ι(Q) = 2D[µΨν]ι − iγ[µΦν]ι −
κ
8
γ · T−ις γ[µΨςν] .
(65)
With the Fierz identity
viwj =
1
4
vkwk δ
i
j +
1
4
vk(Γm)
l
k wl (Γm)
i
j −
1
8
vk(Γmn)
l
k wl (Γmn)
i
j (66)
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the transformations (37), (38) to leading order in the fermions are
δeaµ = −iκζ¯ ′ιγaΨµι + c.c. ,
δΨµι = 2κ
−1Dµζ ′ι −
1
8
γ · T−ις γµζ ′ς − iκ−1γµη′ι ,
δT−ab ις = 8iζ¯ ′[ιRˆ
′
ab ς](Q) ,
δV ςµ ι =
(
2ζ¯ ′ςΦµ ι − 3ζ¯ ′ςγµχ′ι − 2Ψ¯ςµη′ι − h.c.
)
traceless
,
δAµ = −1
2
iζ¯ ′ιΦµ ι − 3
4
iζ¯ ′ιγµχ′ι +
1
2
iΨ¯ιµη
′
ι + c.c. ,
δχ′ι = −
1
12
γ · T−ις η′ς − iϕ′ζ ′ι +
i
12
γ · (T−ις ←/D )ζ ′ς − 13γ ·R(A) ζ ′ι −
1
6
iγ · R(V ) ςι ζ ′ς ,
δϕ′ = ζ¯ ′ιγµ
(
Dµ − κ
2
δζ′(Ψµ)− κ
2
δη′(Φµ)
)
χ′ι + c.c. ,
(67)
where iF Iµν(ΓI)
j+
i+
=: κ√
8
Rµν(V )
ς
ι and fµν =:
κ
2Rµν(A). These are the results obtained in
[21] in Euclidean signature up to differences in the phase factors.
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